CSDL-C-6257 


ANALYSIS of ITT SCAN BEARING PACKAGE 
(Bearing Package S/N 7-1004) 

December 1991 
by 

E. Gelotte 
J. Kauppinen 



CSDL-C-6257 


ANALYSIS of ITT SCAN BEARING PACKAGE 
(Bearing Package S/N 7-1004) 


December 1991 


Prepared by: 



Prepared by: 



Technical Staff 


Approved by: 


Approved by: 


Neil Barbour 
Division Manager 



Malcolm Johpgton 
Program Manager 




Approved by: 


Richard Riley 
Department Head 
Instruments, System Evaluation & 
Mechancial Engineering 


The Charles Stark Draper Laboratory, Inc. 
555 Technology Square 
Cambridge, MA 02139 



Table of Contents 


Section Page 

1. SUMMARY 1 

2. INTRODUCTION 1 

3. TEST PLAN 2 

4. ANALYSIS EQUIPMENT 2 

4.1 GC/MS. 


4.2 SEM/EDAX/WDX 

4.3 FTIR 

5. RESULTS 

5.1 Chemical Analysis 

5.1.1 Metal Parts S/N 7-1004 (Outer Race, Inner Race and 

Bearing Balls) 

5.1.2 Metal Parts S/N 7-1 004 A (Outer Race, Inner Race and 

Bearing Balls) 

5.1.3 Polyimide Retainer From S/N 7-1104 

5.1.4 Polyimide Retainer From S/N 7-1004 A 


6. VISUAL EXAMINATIONS 5 

7. CONCLUSIONS 6 


iii 


CM CM CM COCO CO COrt«Ttf 



List of Figures 


Figure Page 


1. Mass spectra of Freon (upper) and hexane (lower) extractions of 

7-1004 races and balls 7 

2. FTIR on extractions 7-1004 races and balls 8 

3. SEM/EDAX of particulate from 7-1004 races and balls 9 

4. SEM/EDAX of particulate from 7-1004 races and balls 10 

5. SEM/EDAX of particulate from 7-1004 races and balls 11 

6. SEM/EDAX of particulate from 7-1004 races and balls 12 

7. Mass spectra of Freon (upper) and hexane (lower) extractions of 

7-1 004 A races and balls 13 

8. FTIR on extractions of 7-1 004 A races and balls 14 

9. SEM/EDAX of particulate from 7-1004A races and balls 15 

10. SEM/EDAX of particulate from 7-1004A races and balls 16 

11. SEM/EDAX of particulate from 7-1004A races and balls 17 

12. SEM/EDAX of particulate from 7-1004A races and balls 18 

13. Mass spectrum of Freon extraction of 7-1004 retainer 19 

14. FTIR on extractions of 7-1004 retainer 20 

15. SEM/EDAX of particulate from 7-1004 retainer 21 

16. SEM/EDAX of particulate from 7-1004 retainer 22 

17. SEM/EDAX of particulate from 7-1004 retainer 23 

18. Mass spectrum of Freon extraction of 7-1 004 A retainer 24 

19. FTIR on extractions of 7-1004A retainer 25 

20. Bearing No. 1004, Inner Race, 10X Magnification 26 

21. Bearing No. 1004, Inner Race, 10X Magnification 26 

22. Bearing No. 1004, Inner Race, 10X Magnification 27 

23. Bearing No. 1004A, Inner Race, 12X Magnification 27 

24. Bearing No. 1004 A, Inner Race, 7.5X Magnification 28 

25. Bearing No. 1004, Outer Race, 10X Magnification 28 

26. Bearing No. 1004, Outer Race, 7.5X Magnification 29 

27. Bearing No. 1004A, Outer Race, 7.5X Magnification 30 

28. Bearing No. 1004A, Outer Race, 7.5X Magnification 30 

29. Bearing No. 1004, Ball Surface, 25X Magnification (4/10/91) 31 

30. Bearing No. 1004, Ball Surface, 25X Magnification (4/10/91) 31 

31. Bearing No. 1004A, Ball Surface, 25X Magnification (4/10/91) 32 

32. Bearing No. 1004A, Ball Surface, 25X Magnification (4/10/91) 32 

33. Bearing No. 1004, Retainer, 7.5X Magnification 33 

34. Bearing No. 1004, Retainer, 7.5X Magnification 33 

35. Bearing No. 1004, Retainer, 25X Magnification 34 

36. Bearing No. 1004, Inner Race, 125X Magnification (3/22/91) 34 

37. Bearing No. 1004A, Inner Race, 125X Magnification (3/22/91) 35 

38. Bearing No. 1004, Outer Race, 125X Magnification (3/20/91) 35 

39. Bearing No. 1004A, Outer Race, 125X Magnification (3/20/91) 36 


iv 



List of Figures (Cont.) 


Figure Pa ge 

40. Bearing No. 1004, Inner Race, 125X Magnification (3/22/91) 36 

41. Bearing No. 1004A, Inner Race, 125X Magnification (3/22/91) 37 

42. Bearing No. 1004, Outer Race, 125X Magnification (3/20/91) 37 

43. Bearing No. 1004A, Outer Race, 125X Magnification (3/22/91) 38 


V 



1 . 


SUMMARY. 


A GOES E-W scan bearing assembly having completed operation 
under accelerated in-orbit conditions equivalent to two and one-half years of 
service was examined at CSDL. 

The conclusions reached as a result of the examination are: 

1. Lubricant breakdown was found in both bearings. 

2. Patchy wear-bands running only approximately half-way 
around the races indicating a load distribution in the ball 
groups consistent with very low preload. 

3. Contact angles of 31.2° (S/N 1004) and 28.7° (S/N 1004A) in 
bearings whose contact angles are supposed to be 20 ±2°. 

4. Contamination was present in the bearings. 


2. INTRODUCTION. 

The East-West scan axis is carried in two bearing sets, one fixed (set 7- 
1004) and one floating (set 7-1011). Each set consists of a DF pair of 1219 size 
bearings having 20° contact angles, 6 lbs preload, 440-C races, TiC coated 440-C * 
balls and porous polyimide retainers. The lubricant is Krytox 143 AC grease. 

The bearings were run in a life test motor assembly in the "imager- 
mode’’ at 50 deg/ sec (5 X normal) over a ±4 degree range with the range 
extended to ±6.5 degrees every 75th cycle (24 seconds). After 6 months, or 
approximately 50% of the required 5-year mission life, the bearings were 
removed from the motor assembly and torque-tested at .01 r/min over 
approximately ±14 degrees. Successive torque traces showed a "torque build- 
up" from approx. 30 gm-cm. to approx. 120 gm-cm. This anomalous torque 
build-up, which was reported to be "released" to the 30 gm-cm. level with a 
"slight movement of the bearing by hand" has not been explained and was 
not detected in the weekly performance checks during the 6-month test-run. 

After removal from the carrier the bearings were sent to CSDL for 
examination. 
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3. 


TEST PLAN. 


Evaluation of the bearing set was based on a visual and dimensional 
examination of the bearing parts and chemical analysis in which GC/Mass 
Spec and FTIR were performed on successive extractions of the parts with 
Freon, hexane and methanol. Particulates removed from the bearing parts 
were examined using SEM/EDAX/WDX. 

Race roundness, cross curvature and inner-race land finish were 
measured using Indi-Ron and Form Talysurf. Bearing contact angles were 
measured. 


4. ANALYSIS EQUIPMENT. 

4.1 GC/MS 

Gas chromatography is a means of separating the components of a 
mixture for introduction into the mass spectrometer where they are ionized 
and identified on the basis of their atomic mass. 

4.2 SEM/EDAX/WDX 

In a scanning electron microscope (SEM), a means for identifying 
elements by atomic weight by X-ray energy analysis (EDAX) and their 
distribution in the sample by wavelength analysis of the X-rays emitted by the 
sample (WDX). 

4.3 FTIR 

A means of identifying functional groups of a sample based on its 
absorption of infrared energy. 

Those materials which are not known to be constituents of the 
bearing package are considered to be contaminants. 

Race roundness and cross-curvature are specified, respectively, at 100 
micro-in. and 25 micro-in. maximum departure from true circularity. 
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5. 


RESULTS. 


5.1 Chemical Analysis 

5.1.1 Metal Parts S/N 7-1004 (Outer Race, Inner Race and Bearing Balls) 

The metal parts from S/N 7-1004 were extracted together in Freon 
and the solvent was filtered in an attempt to obtain Krytox free particulates. 
The hardware was then extracted in hexane and methanol to collect any other 
materials not soluble in Freon. GC/Mass Spec and FTIR analyses were 
conducted on the three solvent extracts. Figure 1 displays the Mass Spectral 
evaluations of the Freon and hexane extractions. Phthalate ester, unsaturated 
hydrocarbon, and an acid were contaminants evident by this procedure. 

These materials are similar to those detected in the GOES Filter-Wheel life- 
test bearings (S/N 0032 and S/N 0032A). No extraneous compounds were 
detected in the methanol extraction. Figure 2 illustrates results obtained by 
FTIR analysis. Evidence of oxidation has been exhibited by this analysis with 
the presence of ester, acid and carboxylate absorptions at -1735, 1698, and 1650 
cm -1 , respectively. Although the origin of the hydrocarbon species is 
unknown at this time, materials used in the processing of the bearings is 
highly suspect. 

SEM/EDAX/WDX analyses were conducted on the particulates from 
metal parts of S/N 7-1004. Extracted materials indicated the presence of 
lubricant (chlorine, fluorine and carbon), aluminum (most likely AI 2 O 3 ), 
calcium carbonate (most likely from processing materials) and chromium, 
iron, and titanium (bearing hardware wear products). The presence of 
titanium may be attributed to wear debris. Also detected was one particle of a 
glass-like material (sodium, aluminum and silicon), most likely due to glass 
beads that are used in the processing of the hardware before being received by 
ITT. Figures 3-6 display these findings. 

5.1.2 Metal Parts S/N 7-1004A (Outer Race, Inner Race and Bearing Balls) 

The metal parts from S/N 7-1004A were extracted in the same 
manner as 7-1004. GC/Mass Spec revealed the presence of unsaturated 
hydrocarbon, phthalate ester and an unidentified acid (Figure 7). FTIR 
analyses revealed the same contaminants as in S/N 7-1004: hydrocarbon, 
ester, acid and carboxylate (Figure 8 ). 

SEM/WDX/EDAX/analyses indicated the presence of lubricant 
(chlorine, fluorine and carbon), titanium whose source may be wear debris or 
from the stator housing, manganese, iron and chromium due to metal wear 
(Figures 9-12). 
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5.1.3 Polvimide Retainer From S/N 7-1004 

The polyimide retainer was extracted in Freon, filtered and then 
consecutively extracted in hexane and methanol. GC/Mass Spec and FTIR 
analyses were conducted on these extractions. 

GC/Mass Spec analysis revealed the presence of tetrachloroethylene 
(Figure 13). This solvent is not miscible with Krytox and may be corrosive to 
metal parts. One of the cleaning processes of the retainers involves rinsing in 
trichloroethylene and then vacuum bake. Trichloroethylene has a boiling 
point much lower than tetrachloroethylene. It is suspected that the wrong 
solvent was used in this case. No other extraneous contaminants were 
detected by Mass Spec. 

FTIR analyses detected the presence of oxidation products - ester, acid 
and carboxylate as was seen with the metal parts. The presence of hydro- 
carbon is most likely due to processing materials (Figure 14). 

SEM/EDAX/WDX analyses were performed on the particles of debris 
on the filter from the Freon extraction of the retainer. Results indicate the 
presence of lubricant (fluorine, chlorine and carbon), wear products titanium, 
chromium, iron and a particle of glass-like material (Figures 15 and 16). Once 
again, this particle is most likely due to a chip from the glass beads used in the 
hardware processing. A metal particle was also removed from the retainer 
which is a suspected wear product of the race (Figure 17). 

5.1.4 Polyimide Retainer From S/N 7-1004A 

The retainer from S/N 7-1004A was prepared for analyses in the same 
manner as S/N 7-1004. GC/Mass Spec analyses revealed the presence of 
tetrachloroethylene, more significant than that of S/N 7-1004 (Figure 18). No 
other extraneous compounds were detected. 

FTIR analyses revealed the same findings as in 7-1004 with evidence 
of oxidation with the presence of ester, acid and carboxylate (Figure 19). 
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6 . 


VISUAL EXAMINATIONS. 


The inner and outer races of both bearings show wear bands which 
extend only approx, half way around the race suggesting operation under very 
low preload (Figures 20-28). Balls from each bearing show the "dither-mode” 
of operation with which the test was run (Figures 29-32). The retainer shows 
the difference between the extent of lube degradation in the pockets 
containing heavily loaded balls (Figure 33) and lightly loaded balls (Figure 34). 
This retainer also shows signs of considerable "scrubbing" by the piloting 
(inner-race) levels (Figure 35). Higher magnification views of the race contact 
areas show clearly the differences between the heavily loaded (Figures 36-39) 
and lightly loaded (Figures 40-43) race contacts. All of the photos were taken 
after solvent extraction, showing clearly the lube degradation left behind. 

Bearing contact angle measurements: 

7-1004 31.2° 

7-1 004 A 28.7° 

Race roundnesses: 


7-1004 

outer race 

.000045 



inner race 

.000025 


7-1004A 

outer race 

.000020 



inner race 

.000020 


Cross-race curvatures: 



7-1004 

outer race 

.000016/.000025 

(180° apart) 


inner race 

.000024/. 000035 

(180° apart) 

7-1 004 A 

outer race 

.00001 7/. 000039 

(180° apart) 


inner race 

.000030/. 000034 

(180° apart) 

Surface finish measurements made on inner race lands: 

7-1004 

1.18/1.42 

p-in. (Rg) 


7-1 004 A 

0.54/1.12 

p-in. (Ra) 
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7. 


CONCLUSIONS. 


1. Although these bearings were said not to have shown any 
operational anomalies, CSDL considers these bearings failures in 
the sense that they would not have passed a CSDL screening test. 

2. Considerable chemical contamination was found in these 
bearings: 

Tetrachloroethylene (retainers) 

Phthalate ester 

Hydrocarbon 

Acid 

Carboxylate 

These materials are foreign to this bearing system and should be 
eliminated. 

3. CSDL does not consider Krytox a good lubricant for bearings 
operating in the boundary mode (even when fully flooded) and 
knows of no successful utilization of Krytox in such an 
application which has not included a boundary additive. 
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TSA 8399 


Figure 1. Mass spectra of Freon (upper) and hexane (lower) extractions of 

7-1004 races and balls. 
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Figure 2. FTIR on extractions 7-1004 races and balls. 
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Figure 3. SEM/EDAX of particulate from 7-1004 races and balls. 


9 



list-%-zaf: 

LABEL = ITT 7-1004 2 
26-FEB-9 1 1 1 : 08: 19 

200 ♦ 002 LIVE SECONDS 
K0 = 20 * T I LT-45 ♦ TKOFF-45. 

ZAF CORRECTION 


ELEM K Z A F 

ALK 0*0210 0*995 0*715 1*010 
SIK 0*0727 1*024 0*793 1*013 
S K 0*0059 1*020 0.877 1*041 
CLK 0*0016 0*974 0.919 1.075 
CAK 0*8396 0*999 0.984 1*001 
FEK 0*0183 0.911 0*946 1.000 


WT % 


ELEM 

CPS 

ELEM 

AL 

K 

30*4397 

2.93 

SI 

K 

119*1837 

8*83 

S 

K 

9*2149 

0.64 

CL 

K 

2.3350 

0. 17 

CA 

K 

996*6541 

85*32 

FE 

K 

11 * 1349 

2.12 


100.00 


^ DEBRIS FROM THE EXTRACTION OF THE METAL PARTS . 



DEBRIS FROM EXTRACTION OF METAL 
PARTS OF ITT 7-1004 480X 

26-FEB-91 



100HM 20KV 00 007 


TSA 8402 

Figure 4. SEM/EDAX of particulate from 7-1004 races and balls. 
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Figure 5. SEM/EDAX of particulate from 7-1004 races and balls. 
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Figure 6. SEM/EDAX of particulate from 7-1004 races and balls 
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TSA 8405 

Figure 7. Mass spectra of Freon (upper) and hexane (lower) extractions of 

7-1004A races and balls. 
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Figure 9. SEM/EDAX of particulate from 7-1004A races and balls. 
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Figure 10. SEM/EDAX of particulate from 7-1004A races and balls. 
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Figure 11. SEM/EDAX of particulate from 7-1004A races and balls* 
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Figure 12. SEM/EDAX of particulate from 7-1004A races and balls. 
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Figure 13. Mass spectrum of Freon extraction of 7-1004 retainer. 
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Figure 14. FTIR on extractions of 7-1004 retainer. 
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Figure 15. SEM/EDAX of particulate from 7-1004 retainer. 
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Figure 16. SEM/EDAX of particulate from 7-1004 retainer. 
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Figure 17. SEM/EDAX of particulate from 7-1004 retainer. 
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Figure 18. Mass spectrum of Freon extraction of 7-1004A retainer. 
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Figure 21. Bearing No. 1004, Inner Race, 10X Magnification 
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Figure 22. Bearing No. 1004, Inner Race, 10X Magnification. 


Figure 23. Bearing No. 1004A, Inner Race, 12X Magnification, 
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Figure 24. Bearing No. 1004A, Inner Race, 7.5X Magnification. 
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Figure 25. Bearing No. 1004, Outer Race, 10X Magnification. 
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Figure 26. Bearing No. 1004, Outer Race, 7.5X Magnification. 
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Figure 27. Bearing No. 1004A, Outer Race, 7.5X Magnification. 



Figure 28. Bearing No. 1004 A, Outer Race, 7.5X Magnification. 
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Figure 29. Bearing No. 1004, Ball Surface, 25X Magnification (4/10/91). 


Figure 30. Bearing No. 1004, Ball Surface, 25X Magnification (4/10/91). 
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Figure 31. Bearing No. 1004A, Ball Surface, 25X Magnification (4/10/91). 


Figure 32. Bearing No. 1004A, Ball Surface, 25X Magnification (4/10/91). 
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Figure 35. Bearing No. 1004, Retainer, 25X Magnification, 


Figure 36. Bearing No. 1004, Inner Race, 125X Magnification (3/22/91) 
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Figure 37. Bearing No. 1004A, Inner Race, 125X Magnification (3/22/91). 



Figure 38. Bearing No. 1004, Outer Race, 125X Magnification (3/20/91). 


35 


ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 





Figure 39. Bearing No. 1004A, Outer Race, 125X Magnification (3/20/91). 
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Figure 41. Bearing No. 10 04 A, Inner Race, 125X Magnification (3/22/91). 



Figure 42. Bearing No. 1004, Outer Race, 125X Magnification (3/20/91). 
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Figure 43. Bearing No. 1004A, Outer Race, 125X Magnification (3/22/91). 
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